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Directed by: Professor James

I.

Chumbley

Lexical decision and pronunciation tasks were used to

investigate semantic priming, the finding that a word is
quicker to recognize when it is preceded by a related than
an unrelated stimulus.

The first experiment involved a

lexical decision task (LDT)

in which skilled and less-

skilled readers made decisions about letter strings that

were preceded by conceptually-related or unrelated stimuli.
The effects of time to process the prime and type of prime
(word or picture) were examined.

Word and picture priming effects were observed at short
and long time intervals with skilled and less-skilled
groups.

Finding word priming was not surprising; there are

prior studies that have documented priming by words.
However, prior experiments on picture priming have

methodological flaws such as multiple presentations of
v

stimuli that make it unclear whether
pictures can prime word
targets through semantic and nonstrategic
routes.

The

facilitation of word targets following word
primes may be
due to semantic relations as well as associative

relations.

While picture priming provides evidence of semantic
priming,

picture priming cannot be associative at

a

lexical level

because no orthographic features are displayed.

During the

processing of a picture, information about the picture and
its related concepts are activated which facilitates

processing of

a

subsequently presented word.

The effect of

priming was greater with picture primes than word primes,
perhaps because the associations were stronger between the

picture-word pairs than the word-word pairs.
Because priming in a LDT may be attributed to

postlexical checking, priming was further investigated in

a

pronunciation task in which the strategy is not helpful.

In

Experiment

2,

in which subjects pronounced words that were

preceded by related or unrelated pictures, the priming
effect was significant.

Finding a picture priming effect is

important; it supports the interactive view that pictures

provide

a

context that affects the processes that occur

before word recognition.

Priming must be due to semantic

associations between the picture prime and the words

corresponding to related concepts

.

Word and picture priming

can be explained by current models of lexical access.
vi
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CHAPTER

I

RATIONALE OF PRIMING TASKS

h

.

Introduction

Conceptual priming is observed when the context within

which a word is read affects the speed at which the word
is
processed.

Understanding how conceptual priming works is

important for understanding the organization of the mental
lexicon,

structure in memory in which information about

a

words is stored.

The lexicon is like a mental dictionary

and word recognition is like looking-up

dictionary.

a

word in the

The lexicon includes pointers to the word's

meaning, spelling (orthography) and pronunciation
(phonology)

.

In the presentation of this research, word

recognition refers to the identification of the entry in the
lexicon by which meaning, orthography, and phonology can be
retrieved.

In addition, when it is asserted that lexical

access has been accomplished or that the lexicon has been
accessed,

it simply is being asserted that word recognition

has been accomplished.

Priming is a form of contextual effect that may be

present in ordinary reading, but there is an active

controversy about how context affects reading.

For example,

some researchers believe that as a word is being recognized,
its surrounding context may facilitate recognition of the
1

word.

In addition, priming may facilitate processes
that

occur after word recognition, for example, determining which

meaning of

a

word is relevant and integrating this meaning

into the overall meaning of the sentence being read.

Thus,

the controversy centers on the locus of the priming effect:

during lexical access; after lexical access; or, both during
and after lexical access.
The vast majority of studies designed to examine the

priming effect utilize
(prime)

a

paradigm in which a stimulus

is presented and is followed by a target word.

The

finding that responses are faster and/or more accurate to

a

target word that is preceded by a related stimulus (e.g.,

word or picture) than to an unrelated stimulus is called the

priming effect.

When responses to a target (e.g., dog

quicker following a related stimulus (e.g., cat
neutral stimulus (e.g., XXXXXX

)

dog
a

)

1977).

are

than a

)

there is facilitation of

responding to the target (e.g., Meyer
Neely,

)

&

Schvaneveldt, 1971;

When responses are slower to

that follows an unrelated stimulus

a

(e.g.,

target (e.g.,
lam s)

than to

neutral stimulus, there is inhibition (Becker, 1980;

Neely,

1976)

Three types of conceptual relationships between the

prime and the target have been studied: associative;
semantic; and both associative and semantic.

If a prime and

target is often
target are associatively related, then the
2

m

given

response to the prime as determined
by free

associative norms (e.g., Postman

&

Keppel,

1970).

Purely

associatively-related words represent objects in
different
conceptual categories (e.g.,
hutter knife

!

in

.

contrast, when the prime and target are semantically
related,

the prime and target represent objects that belong

to the same conceptual category
^ tudgnt-bcck
.

Finally,

)

(e.g.,

dance - skate

.

giove -

but are not necessarily associated.

the prime and target can be both associatively and

semantically related (e.g., doctor - nurse
.k.njfe)

,

,

cat - doa

.

steak -

Not all word recognition tasks yield both

associative and semantic priming, but all three types of

relationship have yielded priming in some word recognition
task (e.g., Moss, Ostrin,
1992; Williams,

&

Tyler,

1995; Shelton

&

Martin,

1996)

According to the modular view of word recognition
(Fodor,

1992),

1983;

Forster,

1979; Lupker,

1984; Shelton

&

Martin,

the process of identifying the appropriate lexical

entry is autonomous in that only intra-lexical processes
(e.g.,

word association) can produce more rapid access to

a

Associatively-related words

word's lexical representation.

frequently occur together so that there are strong
connections among them in the mental lexicon.

priming from semantic relationships, such

3

a

On this view,

picture priming

and priming by sentential context,
are extra-lexical and
involve processes occurring after lexical
access.
In contrast,

the interactive view of reading
as

exemplified by models proposed by McClelland
and Rumelhart
(1981,

1982)

and by Seidenberg and McClelland (1989)
assumes

that all types of associative and semantic
information are

utilized in identifying the word, selecting the
appropriate
meaning, and combining that meaning with that of other
words

already processed.

Thus, both semantic and associative

priming should facilitate the word recognition process.

A recurring theme in the research on individual
differences in reading is that skilled and less-skilled
readers use contextual information in different ways (West
Stanovich,

1978;

1982)

&

and are differentially capable of

suppressing contextually inappropriate meanings of words
(Gernsbacher,

1993)

.

Readers at different skill levels may

differ in how quickly they can access the lexical

representation of a word, how rapidly they can retrieve
appropriate meaning information for the word, how rapidly
they can suppress inappropriate meanings, and how rapidly
they can integrate the selected meaning with the overall

sentence meaning being developed.

Thus,

understanding the

priming process is essential to understanding the sources of
individual differences in reading.

In this light,

it is

surprising that studies of individual differences in
4

sensitivity to context have not
acknowledged that if readers
at different skill levels differ in
the rate of
lexical

access,

they will differ in the degree to which
prime

information can affect target processing when
the interval

between the prime and the target is brief.

Less-skilled

readers will process the prime more slowly than
skilled
readers so that they may derive less benefit from
the prime

when there is a short interval between the onset of the
prime and onset of the target (Stimulus Onset Asynchrony;
SOA)

.

The research to be reported grew out of an attempt to

understand any differences in priming demonstrated by
readers at different skill levels by taking advantage of

distinctions in priming processes suggested by previous
research.

B.

The Nature of Priming

The empirical and theoretical research on priming

effects does not provide a clear answer to questions about
the locus and nature of priming.

Semantic priming in word

recognition tasks may be accounted for by the spreading

activation model proposed by Collins and Loftus (1975)
This model assumes that memory consists of a network of
concepts, each represented by a single node.

The nodes are

linked together so that when one node is activated, nearby
nodes are activated by the spreading activation from one
5

node to another node.
in common,

addition,

When nodes share several properties

they have several links between them.

in

the strength of the link between two
nodes may be

increased by factors such as the frequency with
which the
concepts are experienced together (Conrad, 1972;
Freedman
Loftus,

1971; Perlmutter,

Sorce,

&

Myers,

1976)

&

Therefore,

when a prime is presented, its node is activated,
spreading

activation to the nodes for related targets which then
require less additional activation than unrelated targets to
reach a threshold for recognition (Anderson, 1976; 1983;

Fischler

&

Goodman,

1978)

According to some researchers,
Plaut,

1995; Shelton

&

Martin,

(e.g.,

Lupker,

1984;

activation spreads

1992)

among these associative nodes at a lexical level (not at

semantic level)

a

Other researchers claim that spreading

activation also occurs at a semantic level (e.g., Collins
Loftus,

1975; de Groot

&

Nas,

1991)

.

&

If activation spreads

by way of related meanings, then a target word (e.g., bov

)

should be primed by a preceding word that is related in

meaning (e.g., prince

)

even though the target word would not

be produced as an associate of the prime.
To further complicate matters, priming may be due to

automatic or strategic processes.

The two-process theory of

word recognition maintains that both automatic spreading
activation and conscious attentional strategies (e.g.,
6

expectancy)

are responsible for semantic priming (Neely,

1976; 1977;

1991; Posner

Snyder,

&

1975).

The automatic

process of spreading activation from the prime occurs
outside a person's conscious awareness, occurs without
intention, and does not interfere with other ongoing mental

activity such as the processing of unrelated targets.
automatic priming, information is made available as

a

With
result

of lexical access whenever a form of the word is

encountered.
In contrast,

an attentional strategy is a process that

cannot occur without conscious awareness or intention, that
is relatively slow in that it takes time to generate the

expectancy set from the prime, and that facilitates the

processing of expected targets and inhibits recognition of

unexpected targets.

Given the prime,

a

subject can generate

expectancies about the target based on activated concepts.

With strategic processes, information is retrieved under

voluntary control.

For example,

subjects can generate

expectancy sets (e.g., Becker, 1979, 1980; Neely, 1991;
Neely, Keefe,

&

Ross,

1989)

strategies (e.g., Balota
et al.,

&

and use postlexical checking
Lorch,

1989; Seidenberg, Waters,

Finally,

1986; Becker,

Sanders,

&

1980; Neely

Langer,

studies of priming effects have used

multitude of tasks.

Early priming research used

a

1984b).

a

lexical

decision task (LDT) in which subjects decided whether two
7

simultaneously presented letter strings
were words (e.g.,
Meyer & Schvaneveldt, 1971). More recent

studies have used

lexical decision and another task,
pronunciation, in which

subjects simply say the visually displayed
word.
tasks,

In these

responses are made to a target that is preceded
by

variety of stimuli: single word; sentence context;
or

a

a

picture
Several researchers have claimed that associative
(

int ralexical

)

priming may be automatic whereas semantic

(extralexical) priming is based solely on strategic

processes (Lupker, 1984; Shelton
(1984)

&

Martin,

1992).

Lupker

drew this conclusion from finding priming for

semantically- but not associatively-related pairs in
but no priming with these pairs in

a

a LDT

pronunciation task.

The "pure" semantic priming in the LDT may be due to

some extralexical processes in the LDT that are not found in

pronunciation.

making

a

For example,

lexical decision requires

discrimination between words and nonwords.

deciding if

a

target string is

a word,

In

one might determine

if it is related to the prime and if so,

then the target

must be a word because only a word could be related to the
prime; nonwords cannot be related to the prime.

This

postlexical checking process would help in LDT but is not
useful for the pronunciation task.
(1984b)

Seidenberg et al.

found that increasing the proportion of related
8

items increased the priming effect in a LDT
but not in

pronunciation task.

a

They concluded that the subjects'

expectations about the relatedness of the stimuli is

a

post-

lexical component found in the LDT but not in the

pronunciation task.
S^-^c-e

the types of priming effects revealed by previous

research seem to be closely associated with the

characteristics of the task used to study priming, the
relevant literature on priming will be presented and

organized by tasks.

In addition,

the primary impetus for

the research was to study the locus of individual

differences in using context as a function of time available
to process the prime.

Therefore, only tasks that

demonstrate the relative effects of type of possible primetarget relationships and of permitting precise manipulation
of the amount of time to process the prime will be examined
in detail.
1.

Tasks Using Word Primes

a.

Simultaneously-presented Letter Strings
Semantic priming has been found in studies using the

LDT in which subjects decide whether two simultaneously

presented letter strings are both words (e.g., Fischler,
1977; Meyer

&

Schvaneveldt, 1971)

The subjects were faster

and more accurate when the letter strings were semantically

9

or associatively related words (e.g.,
bread and

bnt-t-er i

when they were unrelated (e.g., doctor and
butter
b.

than

'

Sequential Priming Paradigm
To test automatic spreading activation and
conscious

attentional strategies, Neely (1977) used

a LDT in

which the

targets (e.g., nurse) were preceded by an associatively

related or a semantically related word (e.g., doctor

unrelated word (e.g., nation
XXXKKK)

•

)

)

.

an

or a neutral stimulus (e.g.,

Response times to the unrelated targets were

slower (inhibition) and response times to the related

targets were quicker (facilitation) than those for the

neutral condition.

Facilitation results from activation

spreading among related items in the lexicon.

Automatic

spreading activation cannot account for the inhibition that

occurred when the target was unrelated to the prime.

Neely claimed that subjects use

a

Thus,

conscious attentional

strategy to direct their attention to the area of lexical

memory which relates to the meaning of the previously
accessed word.
area,

When the target word is located in that

the lexical decision response is facilitated, whereas

when the target word is not found in that area, there is

a

bias to classify it as a nonword and the lexical decision
time is increased.

Neely (1977) suggested that this

attentional strategy takes time and is apparent only when
Stimulus Onset Asynchrony (SOA) is relatively long so that
10

an expectancy can develop.
500 ms,

With

a

SOA that is greater than

the semantic priming is due to
extralexical

processes (e.g., expectancies) and produces
both
facilitation and inhibition.

With

a

SOA of 250 ms or less,

the facilitation is due to automatic processes
(e.g.,

lexical associations) that will produce facilitation
with

a

related prime but little or no inhibition with an
unrelated
prime
In a LDT using the sequential-word priming paradigm,

associative priming and pure semantic priming have been
found (e.g., Lupker, 1984; Seidenberg et al., 1984b).

In

addition, sequential-word priming has been found in the

pronunciation task in which the target is simply pronounced
(e.g.,

Chiarello, Burgess, Richards,

Czerwinski, Sawyer,
(1984b,

Expt

4)

&

Dwyer,

1986).

&

Pollack,

1990; Hines,

Seidenberg et al.

found a 11 ms priming effect in the

pronunciation of items that were not associated.

This

priming effect could be attributed to the use of strategy;
there was a 500 ms interval following the prime in which

subjects could generate expectations that would facilitate

processing of the target.
Expectancy strategies can be minimized by using
SOA (e.g., de Groot, 1984; den Heyer, Briand,
1983; Lorch, Balota,
(1977),

&

Stamm,

1986)

&

a short

Dannenbring,

According to Neely

an SOA of under 250 msec should eliminate the use of
11

strategies.

Balota, Black, and Cheney (1997)

replicated the

study by Neely (1977) using pronunciation
instead of the
LDT.
The subjects were told that a prime
(e.g.,

flower

)

would be followed by exemplars from that
category (e.g.,
and that a second prime (e.g., metal

would be

)

followed by exemplars from an unrelated category
(e.g.,
ir^s)

.

The former type of relationship (i.e.,

f lowar-Ha

i

^

yielded a 15 msec priming effect when a 240 ms SOA was
used.
This result supports that there could be a semantic priming

effect that is automatic.

However, there was no priming

effect when the category was followed by an unexpected

member of the category (e.g., metal-silver

)

It seems that

.

expectations affected processing of the target and that the
15 ms priming found in the related category

daisy

)

(e.g.,

flower -

was not purely automatic.

To test automatic semantic priming in pronunciation,

one could use an SOA under 250 ms to prevent a subject from

generating expectations of the target.

With

a

longer SOA,

expectations can be minimized by using a low proportion of
trials in which the prime and target are related (de Groot,
1984; den Heyer, Briand,

Schvaneveldt, 1977)

&

Smith,

1985; Tweedy, Lapinski,

To test semantic priming in the LDT,

the relationship between the prime and the target could be

obscured by masking the prime or by observing the priming
effect of the unattended meaning of ambiguous words in
12

a

&

sentence.

Considering studies that use these
techniques to

eliminate strategic effects, some researchers
found no
semantic priming (e.g., Huttenlocher
Hodgson,

&

Kubicek,

1983;

and specifically, no automatic semantic

1991),

priming (Balota et al., 1997).
c.

Single-word Presentation Task
In a LDT using single-word presentation,

a series of

letter strings are presented, one at a time, with

a

constant

interstimulus interval (ISI) and each presented item
(target)

is followed by a lexical decision.

That is, each

target item is preceded by a related target, an unrelated
target, or a nonword target

(e.g.,

Shelton

&

Martin,

1992).

Shelton and Martin (1992) used the single-word

presentation task in which stimuli were visually presented,
and they found no evidence of semantic priming without
association.
(e.g.,

animals

That is,
)

.

for word pairs within a category

priming was found when the items were

associated (e.g., cat - doa

)

but no priming was found when the

words were not associated (e.g., pia - horse

Moss et al.

(1995)

)

found semantic priming without

association when stimuli were auditorially presented in the
single-word presentation task.

One might argue that

auditory presentation necessitated
ms)

a longer ISI

(about 1000

than found with visual presentation (about 500 ms)

.

A

longer ISI makes postlexical priming possible which would
13

contribute to semantic priming.

However, while the entire

visual form of a word is available immediately,
the spoken

word takes time to unfold (Marslen-Wilson

&

Tyler,

1988)

.

Therefore, the longer ISI for auditory presentation
relative
to visual presentation may make little difference
at the

time at which a subject has acquired sufficient information
to make a response.
To further investigate semantic priming, Moss et al.
(1995)

used their materials from the auditory presentation

in an experiment using the procedures introduced by Shelton
&

Martin (1982)

.

Assuming that the priming effects in the

auditory experiment were automatic (and not due to
postlexical processing)

,

there should be priming for

associated and nonassociated pairs of the same type in the
visual experiment.

However,

there was priming for category

coordinated pairs when the items were strongly associated
but not when they were only semantically related.
example, the target word do

For

was primed by the word cat

the target horse was not primed by the word pig

.

,

but

These

results replicated the finding by Shelton and Martin that

associative priming is due to automatic processes whereas

purely semantic priming is due to strategic processes.
However, Moss et al. argued that these results hold for

category-coordinated pairs but not for some other types of
semantic relations.

For example,
14

stimuli that represented

instruments caused priming both when
the target was
associated (e.g. h»izMil) and when
it was nonassociated
(

tooom-flQp r)

.

However,

stimuli that represented scripts

did not prime the target when it was
associated
Elay)
(

theater -

and did not prime the target when it was
nonassociated

restaur ant- wine

d.

(

)

Sentential Priming Context
To study individual differences in semantic priming,

researchers have used sentential priming contexts (e.g.,

Schuberth

&

Eimas,

Stanovich

&

West,

1981; West

Eimas

&

(1977)

1977; Schuberth,
1981;

Stanovich,

Spoehr,

Lane,

&

1983; Stanovich, West,

For example,

1982)

&

1981;

Freeman,

Schuberth and

found semantic priming when the prime was

sentence fragment.

a

They presented subjects with a sentence

fragment (e.g.. The dog gnawed happily on the

)

that was

followed by a target word that was either congruent (e.g.,
bone

)

or incongruent

sentence fragment.

(e.g.,

forest

)

with the meaning of the

Compared to a neutral condition in which

the target word was not preceded by a sentence fragment,

lexical decision responses to the target word were

facilitated following

a

congruous context and inhibited

following an incongruous context.

If there are no

associated words in the sentence (e.g., The dog gnawed
happily on the SHOE
semantic.

)

then the sentential priming must be

This finding would predict priming by pictures in
15

which the relationship between prime
and target cannot be
associative
2.

Experiments with

Pi

cture

Pri^

Word recognition may be facilitated by
picture primes
in a pronunciation task (Carr, McCauley,

Parmelee,

Sperber,

1982; Sperber, McCauley, Ragain,

&

&

Weil,

1979).

This picture priming appears to be clear evidence
of

semantic priming since there are no lexical representations
for pictures.

However, there are some problems with the

methodology of these studies which challenge the claim that
pictures can prime word targets through a semantic and

nonstrategic route.

A detailed analysis of these studies

will be presented later, after the explanation of the

results of the first experiment in the present study

involving individual differences in a LDT.

C.

Investigation of Priming

In many studies on associative and semantic priming,

words serve as primes and targets.

In the present study,

a

LDT is used to compare the effects of picture primes with
the effects of word primes.

Unlike word priming, picture

priming cannot be associative at a lexical level, and no
orthographic features are displayed.

Thus,

spreading

activation from pictures to words must occur at
level.

In addition to the type of prime,
16

a semantic

individual

differences are investigated by examining
responses to
target that follows the prime by a brief
or

a

long interval.

Less-skilled readers rely more on context to
process
words than do skilled readers (West &
Stanovich,
1978;

1982)

.

Thus,

it is expected that less-skilled readers

should demonstrate more priming from than skilled
readers at
a long SOA when adequate time is available to
process the

word prime.

At a short SOA, the difference in priming

effect between less-skilled and skilled readers should be
diminished, if not reversed, since less-skilled readers will
not have had the opportunity to fully process the word

prime
At a short SOA, for skilled readers, word primes may be
equal if not more effective than picture primes because

there is the added facilitation from intralexical priming.
At a short SOA,

for less-skilled readers,

the word primes

may be less effective than picture primes.

At a long SOA,

the type of prime should have no effect on the difference in

priming effects as a function of skill.
With picture primes, reducing the SOA should produce
less reduction of the priming effect difference between

less-skilled and skilled readers if the priming effect is
intralexical.

If it is extralexical

(as

well as, perhaps,

intralexical), then less-skilled readers will still be at

a

disadvantage in accessing the lexicon and/or retrieving the
17

meaning of the picture and/or contacting related meanings.
Therefore, it is expected that there should be several

interactions of SOA, prime type, priming effect, and skill
level

At a long SOA,

finding a greater priming effect for

less-skilled than for skilled readers without an interaction

with prime-type would suggest that individual differences
lie in meaning retrieval since there is plenty of time for

lexical access or picture access (of the prime)

.

In

addition, at a short SOA, an interaction of priming effect

with skill and prime-type would indicate that there are
individual differences in lexical access.

18

CHAPTER
EXPERIMENT

A,

Experiment

1

II
1

Introdnr.1-.inn

investigated the effects of word and

picture priming on reading performance.

Skilled and less-

skilled readers made decisions about letter strings that
were preceded by either conceptually-related stimuli or

unrelated stimuli.

The effects of time to process the prime

and type of prime (lexical or nonlexical) were examined.
1.

Lexical Decision Task
The LDT was used to assess the role of lexical access

in individual differences in reading ability.

decision,

In making a

it is assumed that the lexicon must be accessed to

confirm that

a

string represents a word.

Accessing the

meaning of the prime facilitates the lexical decision of
related word.

a

If skilled and less-skilled readers differ in

their ability to quickly achieve lexical access and/or

retrieve the meaning of the accessed word and/or spread

activation to related meanings, then there should be
differences in the size of the priming effect for each skill
group in the LDT.

If skilled and less-skilled readers

differ only in the speed with which they can access the
lexicon,

then the degree of SOA should not affect the skill-

related difference in priming effect with picture primes
19

because retrieving the meaning of a
picture prime does not
involve lexical access.
2

•

Related and Unrel a ted Primps
In Experiment

1,

word or picture primes were followed

by a target word to which the subject made
decision.

The target was related to the prime, unrelated
to

the prime, or it was a nonword.

The related pairs were

semantically related (e.g., cat and
related (e.g., bed and sleep

)

doer

)

.

associatively

or both semantically and

associatively related (e.g., table and chair
3.

lexical

a

)

Choice Task

A concern in conducting priming studies
not subjects are attending to the prime.

is whether or

In some studies,

subjects do not respond to the prime, and it is assumed that
the subjects are looking at the prime when it appears on the

computer screen.

However, pilot work determined that some

subjects claimed that they deliberately did not look at the

prime when it was displayed because it was distracting and

unnecessary for making their decisions about the target.
Thus,

a

procedure was needed to ensure that subjects

attended to the prime.
Naming the prime would ensure attention to the prime
(e.g.,

Lupker,

1984;

Sperber et al

.

,

because it takes about 500 ms to name

1979).
a word,

However,
it would be

impossible for subjects to name the prime before the target
20

is displayed during the 250 ms
SOA in the present

experiment.

A second way to encourage attention

to the

prime is to have subjects report the
prime after responding
to the target

1978).

(e.g.,

Carr et al.,

However, Carr et al.

1982;

(1982)

Fischler

&

Goodman,

found that maintaining

the prime in memory so that it later can be
recalled

interferes with the processing of the target word.
To ensure attention to the prime in the present
study,

subjects were given a choice task instead of the LDT for
some trials.

That is,

instead of a target word, two words

were presented simultaneously, and the subject indicated

which of the words matched the stimulus (the prime) just
presented.

This choice task not only encouraged subjects to

look at the prime, but also provided a record of whether

they were attending to the prime.
4.

Sample Size and Composition for Each Condition
In order to examine individual differences,

subjects

were classified as skilled and less-skilled readers on the

basis of their mean RT for lexical decision.
Rayner, and Chumbley (in press)

Schilling,

found that there was a high

correlation between performance in the LDT and the reading
tasks; subjects who were quick at recognizing words in a LDT

also spent less time reading the same words in sentences.
Thus,

for the present experiment,

subjects who were quick at

responding in the LDT were classified as skilled readers.
21

A pilot study provided information
about the size of
priming effects in various conditions using
the LDT.
These
results indicated that 24 subjects per
condition would
provide adequate power to detect priming in
the current

study.

Overview of E xperiment
Experiment
a LDT.

1

1

comprised four experimental conditions in

Picture primes were followed by letter strings at

a

short SOA in Experiment 1A and a long SOA in Experiment IB.

Word primes were used at

a short

long SOA in Experiment ID.

SOA in Experiment 1C and

a

At a short SOA, less-skilled

readers may be less likely to have fully processed the prime
than skilled readers unless the prime is a picture for which

reading ability is irrelevant.

Thus,

at short SOAs,

skilled

and less-skilled readers should be very different for word

primes and less different for picture primes.

In contrast,

with long SOAs (when less-skilled readers have plenty of
time to process a word prime)

the two groups should not

,

differ unless less-skilled readers benefit more than skilled
readers from priming (as prior research is alleged to
demonstrate)
SOA,

.

Similarly, with picture primes and a long

the two reading groups should not differ unless less-

skilled readers benefit more from priming.

22

a.

Assessing the Priming Effect
The dependent measure is the response
time to the

target which is either related or unrelated
to the prime.
The priming effect for each subject will
be assessed by

subtracting the mean RT for related target words
from the

mean RT for unrelated target words.

It is expected that

there will be a priming effect when the prime is
(e.g.,

Lupker,

1984; Seidenberg et al.,

1984b).

a

word

That is,

the related targets will be faster to process than unrelated

targets.

While a priming effect has been found with picture

primes in a pronunciation task (Carr et al., 1982; Sperber
et al.,

1979),

it is uncertain whether there will be a

priming effect with picture primes in
b.

a LDT

Effects of Short SOA
To demonstrate the effect of SOA length on priming,

short and long intervals were used in the present study.

Jackson and McClelland (1979)

found that skilled readers

were quicker than less-skilled readers in accessing

information that is stored in long-term memory.

Therefore,

when given only a brief time for processing a word prime,
skilled readers should access more information than lessskilled readers from the prime.

That is, skilled readers

may more quickly access meanings in long-term memory and/ or
more quickly spread activation to related concepts.

when a related target is displayed with
23

a short SOA,

Thus,
it will

have a higher level of activation for
skilled readers than
for less-skilled readers.
c.

Interaction of SOA with Reading Skill and
Priming
It was expected that there would be
greater priming

effects for the long SOA than the short SOA (de
Groot, 1985;
Neely,

1976)

.

As indicated, the skilled readers may benefit

more than less-skilled readers from primes at the
short SOA.

According to Stanovich and West (1981), in recognizing
words,

less skilled readers rely more on context than do

skilled readers.

Therefore, with the long SOA in which

there is time to fully process the prime, less-skilled

readers should benefit more from the prime and exhibit

a

larger prime effect than that exhibited by skilled readers.
d.

Effects of Prime Type

A word prime can be intralexically- or extralexicallyrelated to a word target, whereas a picture prime can only
be extralexically-related to the target.

Therefore,

it is

expected that a word, which has more ways of being related,

would serve as a more effective prime than

B.

For Experiment 1A,

a picture.

Method

subjects participated in a lexical

decision task in which picture primes were followed by
related words, unrelated words, or nonwords.

The SOA for

the prime and target was relatively short, 200 ms.
24

1.

Subjects

Forty-eight students at the University of
Massachusetts
at Amherst participated in the experiment.
They were given
extra credit in their courses as an incentive.

All of the

subjects were native speakers of English.
2.

Design

A

2

(skilled and less-skilled readers) by

2

(related

and unrelated primes) mixed design with skill level as

between-variable and relatedness as
used.

a

a wi thin-variable was

Readers were separated into groups of twenty-four

skilled readers and twenty-four less-skilled readers.
3.

Materials
Primes and targets were selected so that both a picture

and its name could be used as primes.

To this end,

forty-

two pictures with high name agreement were chosen from a

norming study in which 48 subjects named 112 pictures
selected from Snodgrass and Vanderwart (1980)

.

For each

picture (e.g., picture of a dog), subjects produced at least
one name

(e.g.,

doa

.

puppy

,

pet

,

poodle

)

.

The agreement

rate was based on the picture name that represented the

modal number of responses.

For example,

if 36 of the 48

subjects assigned the same name to the picture (e.g.,
then the agreement rate was 36/48 or 75%.
112 pictures,

d<?g)

From the list of

only pictures with an agreement rate of at

least 90% were chosen for the present study.
25

A second norming study was conducted
to determine word
associations.
time,

Twenty subjects viewed 77 pictures,
one at

a

and stated the first word that came to
mind that did

not name the picture.

The most frequent response for each

picture was used as the associate (target) for
the current
study.

Each of these words had been produced for at
least

30% of the association responses.

The stimuli were chosen

so that a picture was paired with its related word
and the

picture was not related to any of the other word stimuli.
If more than 5% of the time the picture elicited a word that

was intended for use in another picture-word pair, then the

picture was eliminated from the stimulus list.

For example,

grQwn-king was eliminated because the picture crown elicited
the response head 15% of the time and head was used in the

related pair, hat-head
norms

from

(1982)
1

.

According to the Francis and Kucera

the frequencies of the target words ranged

to 492 counts per million.

For half of the subjects,

stimuli were randomly chosen

so that 21 of the primes were followed by their related

target words.

The remaining primes were randomly paired

with one of the remaining target words.

The other half of

the subjects were matched for stimuli so that for each

subject who experienced a set of primes followed by related
targets,

another subject experienced those primes followed

by unrelated words.

Thus,

from a list of 42 related prime26

target pairs, half of the pairs were
used, and the remaining
primes were randomly assigned to the
remaining words to

create unrelated pairs.
For nonword and choice trials, the 42 pictures
were

selected from pictures in Snodgrass and Vanderwart
that were
not used for related and unrelated pairs (see
Appendix
For each subject,

D)

.

stimuli were randomly chosen so that 21

pictures were used for the choice trials and the remaining
21 pictures were used for the nonword trials.

In order to

create pronounceable nonwords, the first letter of the

alternative word used on choice trials with the picture was
changed.

In using the LDT,

it is important that the nonword

stimuli are "wordlike." Otherwise, decisions can be made on
the basis of whether the stimulus contains typical

orthographic patterns or whether it is pronounceable.
Stimulus order was randomized independently for each
subject.

Subjects were matched so that for each skilled

subject that participated, a less-skilled reader experienced
the same ordered set of stimuli and priming relations.
4.

Apparatus
Subjects were tested individually in a sound-deadened

room.

An intercom enabled the experimenter to communicate

with subjects.

Word stimuli were presented as lower case

letters on a VGA monitor approximately 50 cm in front of the

subjects and simultaneously on a second monitor for the
27

experimenter.

Three letters spanned approximately
1.1

degree of visual angle.
a

microcomputer.

milliseconds
5.

The video monitor was controlled by

The computer recorded response latency
in

(ms)

Procedure
On each trial, a 500-Hz warning tone sounded for
250

ms,

and then 250 ms following the offset of the tone, the

prime was displayed on the video screen for 100 ms.
100 ms after the prime was erased from the screen,

Next,
a

letter

string was displayed for lexical decision trials or two
words were displayed for choice trials.
100 ms,

Thus,

the ISI was

and the SOA of the prime and target was 200 ms.

These stimuli were presented in the same location as the

prime
The subjects responded by squeezing microswitch levers

placed on the table in front of them.

For lexical decision

trials, the subject squeezed the lever marked "YES," to

indicate that the letter string represented a word and "NO,
to indicate that it did not represent a word.

The "YES"

lever was assigned to the subject's dominant hand.

For

choice trials, the subject squeezed the left lever to

indicate that the word on the left side of the screen

matched the preceding stimulus and the right lever to
indicate that the word on the right side of the screen

corresponded to the last stimulus presented.
28

The correct

"

word’s position was randomized so that
it was displayed on
the right for 12 trials and on the
left
for 12 trials.

the response lever was squeezed,

erased from the screen.

message "ERROR

-

the letter string

(s)

When

were

After an incorrect response, the

PRESS WHITE BUTTON TO CONTINUE THE

EXPERIMENT" was displayed on the subjects' video
monitor,
and the subject pressed

a

button to continue the experiment.

After the subject responded during a trial, there was

a 2

second intertrial interval before the tone signalled the
next trial.

Each trial required either a lexical decision response
or a choice response.

For lexical decision trials, the

prime was followed by a related word, unrelated word, or
nonword.

For choice trials,

a

the prime was followed by two

words from which the subject selected the one that matched
the prime.

The pre-test consisted of five blocks of 12 lexical

decision trials.

Each block consisted of six word trials

and six nonword trials.

The first three blocks were

practice blocks used to acquaint subjects with the
procedure.

The last two blocks were skill test blocks which

were used to assign the subject to either the skilled or

less-skilled group.

The pre-test stimuli are listed in

Appendix A.
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The mean RT to make decisions to
words during the last
two blocks of the pre-test was displayed
on the

experimenter's screen.

if the subject's mean response
time

was less than 555 ms, then the subject was
classified as
skilled reader.
if the subject's mean response time
was

greater than 590 ms then the subject was classified
as

less-skilled reader.
555 and 590 ms,

a

a

if the mean response time was between

then the subject completed the experiment,

but the data were not analyzed (about 30 subjects)

.

This

range in response time was chosen based on the results of

a

pilot study using the same stimuli in which one-third of
subjects were faster than 555 ms and one-third were slower
than 590 ms.

This pre-test was used as a simple means for

classifying the subject before the test trials began so that
skilled and less-skilled readers could be matched for the
same stimuli and SOA condition.

Following the five pre-test blocks of trials, there
were seven test blocks of 14 trials.

Each test block was

comprised of two practice trials followed by 12 test trials.
The 14 practice trials consisted of six lexical decision

trials

(three unrelated and three nonword trials)

choice trials (see Appendix

and eight

B)

There were 84 test trials which consisted of 21 choice
trials and 63 lexical decision trials.

In a choice trial,

the prime was followed by a target and an alternative.
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In a

lexical decision trial, the prime was followed by

target (21 trials), an unrelated target

nonword

(21 trials)

choice trials and
of

3

related,

3

.

9

(21

a

related

trials) or a

On average, each test block included

3

lexical decision trials which consisted

unrelated, and

3

nonword trials.

Test

stimuli for lexical decision trials in which the target was
a

word are listed in Appendix

C.

Test stimuli for choice

trials and for nonword lexical decision trials are listed in

Appendix D.
Following each block of trials, the computer displayed
on the subject's video monitor the average reaction time and

percentage of trials in which
recorded for that block.

a

correct response was

Ten seconds later, a message was

presented on the screen to indicate that the subject could
press a button to continue the experiment.

C.

Experiment IB

Experiment 1A studied picture priming and individual
Neely (1977)

differences in the LDT with a 200 ms SOA.

proposed that automatic processes occur within
thus,

a 250 ms

SOA,

a 200 ms SOA was chosen for the present study.

Experiment IB studied these factors with

a

much longer, 1000

100 ms.
ms SOA in which the ISI was 900 ms instead of

all other respects,

the two experiments were identical.
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In

D.

Expfirimppf ir

Experiment 1A studied priming and individual

differences in the LDT with picture primes
with
SOA.

a 200 ms

Experiment 1C studied these factors using
primes that

were words instead of pictures.

In all other respects,

the

two experiments were identical.

E.

Experi ment ID

Experiment 1C studied word priming and individual

differences in the LDT with a 200 ms SOA.

Experiment ID

studied these factors with a much longer, 1000 ms SOA in

which the ISI was 900 ms instead of 100 ms.

In all other

respects, the two experiments were identical.

F.

Table
time

(RT)

1

displays the mean lexical decision response

in milliseconds

conditions.

Results

A

2

for each of the 16

(ms)

(prime type - word or picture prime) x

(SOA - short or long interval) x

less-skilled subject) x

2

2

(skill level

(relatedness

-

-

2

skilled or

related or

unrelated prime) mixed ANOVA was conducted with prime type,
SOA,

and skill level as between-subjects variables and

relatedness as a within-subj ects variable.

Only the results

that are reliable enough to approach statistical

significance will be discussed.
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For between comparisons and

their interactions in Table

1,

MSE = 9224.575, dl * 184.

For relatedness and its interactions with the between

variables (prime type, SOA, and skill level)
1038.097,

£il

= 184.
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MSE =

Table
Type,

Experiment 1 - LDT RT (in ms) Displayed
by Prime
Skill Level, Relatedness, and SOA
1

.

Prime Type Skill Level Relatedness Short

Long

Mean

Words

Skilled

Less-skilled

Eictutes

Skilled

Less-skilled

Words

Skilled

and

Pictures

Less-skilled

Related

530.859

543.465

537.162

Unrelated

538.433

551.515

544.974

Related

592.586

599.427

596.007

Unrelated

606.177

617.152

611.665

Related

528.465

541.918

535.192

Unrelated

566.598

568.523

567.561

Related

632.076

623.098

627.587

Unrelated

666.035

646.353

656.194

Related

529.662

542.692

536.177

Unrelated

552.516

560.019

556.267

Related

612.331

611.262

611.797

Unrelated

636.106

631.753

633.929

582.654

586.431

584.543

Overall Mean
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1

-

Prime Type bv Skill t^wo]
The interaction of prime type and
skill level is

displayed in Table

2.

Table 2. Experiment
Type and Skill Level

-

1

LDT RT

i

CO

•H

—

i
—

(in ms)

Displayed by Prime

Level

Prime Type

Skilled

Less-skilled

Mean

Words

541.068

603.836

572.452

Pictures

551.376

641.890

596.633

Mean

546.222

622.863

584.543

a.

Skill Group
The mean RT was significantly faster (546.222 ms)

for

skilled subjects than less-skilled subjects (622.863 ms),
£(1,184) = 61.128, MSE = 9224.584, p = .000.

These results

confirm the adequacy of the pre-test that was used to
classify the subjects into two skill groups.

However, there

was some overlap between the two groups of subjects.
example,

for subjects who viewed word primes,

the fastest

subject in the less-skilled group was quicker than the
slowest subject in the skilled group.
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For

b.

Prime Type
The mean RT was significantly
greater to targets

following picture primes (596.633 ms) than
to targets
following word primes (572.452 ms),
£(1,184) = 6.085, MSE 9224.584, E = .015.
c.

Interaction of Skill Level and Prime Type
As displayed in Table

2,

the type of prime had a

greater effect on the performance of less-skilled
subjects
than of skilled subjects.

The interaction of skill level

and prime type approached significance, £(1,184) = 2.003,

M£E = 9224.575, p - .259.

That is, the skilled subjects

with picture primes were only 10.3 ms slower than the
skilled subjects with word primes, and the less-skilled
subjects with picture primes were 38.1 ms slower in

responding to targets than were the less-skilled subjects
with word primes.

It could be that there is more

interference in processing the target when the prime is an

unrelated picture than an unrelated word.

Also,

the

interference by picture primes may be greater for less-

skilled than skilled readers.
2.

Priming and Priming bv Prime Type
The amount of priming, the priming effect, was

determined by subtracting the mean RT for related items from
the mean RT for unrelated items
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(see Table

3)

at>1
3
x eriment 1 - LDT RT and Priming
'^ ^ P
Effect (in ms)
n
?
Displayed
by Prime Type and Relatedness

Relatedne.ss

Prime Type

Related

Unrelated

Priming F.ffprf

Words

566.584

578.319

11.74

Pictures

581.389

611.877

30.49

Mean

573.987

595.098

21.11

a.

Priming Effect

Averaged across prime type, SOA, and skill level, the
mean RT for related words was significantly faster (573.987
ms)

than the mean RT for unrelated words (595.098 ms)

.

This

priming effect of 21.11 ms was significant, £(1,184) =
41.216, MSE = 1038.106, p = 0.000.

The size of the priming

effect is comparable in size to that found in other studies
of word priming in LDT
1984; Neely,

Lupker,

Glazenborg,
Klein,
b.

&

1984;

(e.g.,

1977;

den Heyer et al., 1985;

Schreuder,

Flores d'Arcais,

&

Seidenberg et al., 1984b; Smith, Briand,

den Heyer,

1987)

.

Effect of Prime Type
As shown in Table

2

and earlier discussed, RT to a

target was longer when it was preceded by

when it was preceded by

a word.
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a

picture than

Interaction of Prime Type and Priming
Effect

c.

As displayed in Table

3,

there was an interaction of

prime type and the priming effect,
£(1,184) = 8.130,
1038.106, p = .005.

For word primes,

=

the unrelated words

were only 11.74 ms slower than the related words,
£(1,92) =
7.293, MSE = 6609.993, p = 0.008.

For picture primes, the

unrelated words were 30.49 ms slower than the related
words,
£(1,92) = 38.139, M£E = 1169.86, p = 0.000.
In other words,

there was greater facilitation in

processing the target when it was preceded by
picture than by a related word.

a related

That is, the response time

to a target was 32.56 ms longer when it was preceded by an

unrelated picture than by an unrelated word, £(1,184) =
11.385, MSE = 478.006, p = .001.

However, the response time

to a target was only 14.81 ms longer when it was preceded by

related picture than a related word; this difference was

a

not significant, £ < 2.

It could be that there is more

interference in processing the target when the prime is an

unrelated picture than when it is an unrelated word.
Alternatively, the interaction could be due to random error
in equating groups.
3

.

Nonsignificant Effects
There were no other main effects or interactions that

approached significance, all £s <= 1.041.
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4.

Choice Task
There were 21 choice trials during the test blocks to

encourage subjects to pay attention to the prime.

The mean

number of correct choice trials per condition are listed in
Table

4.

Averaged across subjects, the mean number of

correct trials was 20.417.
type,

There were no effects of prime

SOA or skill group, and there were no interactions

among conditions; all £s < 2.4.
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Table 4.
Experiment 1 - Mean Number for Correct
Choice
Trials Displayed by Prime Type, Skill
Level, and SOA

2Q&
Prime Tvpp

Skill Levpl

Short

Long

Mean

Skilled

20.583

20.333

20.458

Less-skilled

20.500

20.500

20.500

Maun

20.542

20.417

20.479

Skilled

19.833

20.250

20.042

Less-skilled

20.750

20.583

20.667

Mean

20.292

20.417

20.354

Skilled

20.208

20.292

20.250

Words and

Less-skilled

20.625

20.542

20.583

Picture?

Maan

20.417

20.417

20.417

Word?

Pictures

5.

MonMQEda
The mean response time and the mean number correct for

the 21 nonwords for each condition are listed in Tables

and

6.

The mean RT for less-skilled readers

5

(747.233 ms)

was significantly greater than that for skilled readers
(645.375 ms)

,

£(1,184) = 85.095, MS£ = 5852.244, p = .000.
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The mean number of correct responses was greater for

less-skilled readers (20.177) than skilled readers (20.107),
£(1,184) = 13.776, M£E = .766, p = .000.

That is,

less-

skilled readers take more time and are more accurate in

responding to nonwords than are skilled readers.

Finally,

there were no effects of prime type, SOA, and there were no

interactions among prime type, SOA, and skill level, all £s
< 3.6.
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Table 5. Experiment 1 - Mean RT (in ms)
for Nonwords
Displayed by Prime Type, Skill Level, and
SOA
SOA

Prime Type

Skill Levpl

Short

Long

Mean

Skilled

649.502

651.520

650 511

Less-skilled

737.825

773.462

755.643

Mean

693.663

712.491

703.077

Skilled

635.569

644.910

640.239

Less-skilled

745.169

732.475

738.822

Mean

690.369

688.692

689.531

Skilled

642.536

648.215

645.375

Words and

Less-skilled

741.497

752.969

747.233

Pi.Ctur.es

Mean

692.016

700.592

696.304

Words

Pictures
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.

Table 6
Per m n
Mean Number for correct Nonword
i !
Trials Displayed
by Prime Type, Skill Level, and SOA

n^

V.-

SOA

Prime Type

Skill Level

Short

Long

Mean

Skilled

20.042

19.917

19.979

Less-skilled

19.917

19.750

19.833

Mean

19.979

19.833

19.906

Skilled

20.417

20.042

20.229

Less-skilled

20.667

20.375

20.521

Mean

20.542

20.208

20.375

Skilled

20.229

19.979

20.104

Words and

Less-skilled

20.292

20.063

20.177

Pictures

Mean

20.260

20.021

20.141

Words

Pictures

G.

Results of Experiment

Discussion
1

indicated that words are faster

to identify when they are preceded by related words or

pictures than unrelated words or pictures.

The priming

effect for words was expected (e.g./ den Heyer et al., 1985;
Lupker,

1984; Neely,

1977;

Schreuder et al., 1984;

Seidenberg et al., 1984; Smith et al., 1987).
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However,

it

was not certain that there would be
significant priming with
pictures
•

J? Word Priming Semantic, o r Associat-i vp?

One could argue that the priming effect
by words was

merely associative and has nothing to do with
semantic
relationships between items.

That is, as two words are

encountered close together in time, the connection between
the words in the lexicon is strengthened because of
this

associative relationship and not because the words are

related in meaning (e.g., Chiarello et al., 1990; Shelton
Martin,

1992).

&

Lupker (1984) used semantically-related

words that were not associatively related and found priming
in a LDT but not in a naming task.

The priming in the LDT

was attributed to postlexical checking.
2.

Using Picture Primes to Demonstrate Semantic Priming
The possibility of semantic priming may be assessed in

the present study since pictures were used as primes.

Because a picture does not have orthographic features, it
cannot be associatively related within the lexicon to words.

Assuming that priming by words is due to associative and not
semantic relations, then there should have been no priming
by pictures.

Experiment

1

However, there was picture priming in

which supports that priming can be due to

semantic relations between the prime and target.

Perhaps,

priming from word primes to word targets is also due to
44

semantic relations rather than associative
relations.
is,

That

in encountering a word or picture,
one derives meaning

from the stimulus and this meaning
spreads in activation to
similar meanings which point to other words.
As a result,

the target word is already activated and when
encountered is

more quickly identified.
3

*

teeter priming with

Pic t ures than Words

In the experiments by Sperber et al.

(1979),

for word

targets, there was no difference in the size of the priming

effect for picture and for word primes.

The subjects named

all of the pictures and none of the words before beginning

the test trials.

According to repetition priming, naming

a

picture should facilitate later retrieval of the name of the
picture which may affect the size of the priming effect.
Carr et al.

(1982)

also found that the amount of priming to

words was similar by pictures and words.

In their

experiment, the subjects viewed both picture and word

stimuli before beginning the test trials, and it is unclear

how these prior exposures affected later performance.
Because the multiple presentation of the stimuli
renders the size comparisons of prime type to be
inconclusive, each stimulus was presented only one time in
the present study.

The results indicate that the size of

the priming effect was greater for pictures than words.

This finding is surprising because the words can be primed
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by intralexical associations as well
as meaning, thus, one
might expect greater priming by words than
pictures.

One explanation for greater priming by
pictures is that
the associations between the pictures and
targets may be

greater than those between word primes and targets.

prime-target pairs were selected from

The

pilot study in which

a

subjects viewed the picture of the prime (e.g., heart

and

)

then said the first noun (other than the stimulus) which
came to mind (e.g.,

lQve)

It is possible that when most

subjects see the picture of heart, the meaning of love is
activated.

However, seeing the word heart may activate

meanings unrelated to love (e.g., liver
SBa de

)

•

In this case,

,

spleen

,

club

.

the picture of a heart would be more

effective than the word heart for facilitating the

recognition of the word love

.

It may be that the

associations between prime-target pairs are stronger for
primes that were pictures than for primes that were the
names of those pictures.

Another possible explanation is related to the finding
that pictures can be categorized faster than words
Magee,

1980)

(Smith

&

That is, it may be easier to access the

meaning of a picture than the meaning of

a word.

Quick

access to meaning may result in quicker spreading activation

which might account for the superior priming by pictures.
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The response time to a target
was greater when it was
preceded by a picture than by a word. This
difference in

prime type was much greater for unrelated
items than related
items.

This finding indicates that a prime
causes more

interference in processing the target when it is

a

unrelated

picture than an unrelated word.
The skilled subjects with picture primes were
somewhat

slower than the skilled subjects for word primes, but
lesssubjects with picture primes were much slower than

less-skilled subjects with word primes.

This finding

indicates that there may an interference by pictures which
is greater for less-skilled than skilled readers.
4

.

The Importance of Demonstrating Picture Priming

There is some evidence to support that a picture can

facilitate the subsequent processing of a word (e.g., Carr
et al

.

,

1982;

Sperber et al

.

,

1979).

However, there are

some problems in the methods of these studies that make it

uncertain whether one should find priming in

a LDT

when the

picture prime is not named and when each prime and each
target is presented only one time during the experiment.
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CHAPTER
EXPERIMENT

III
2

^..Experi ments with Picture Primes
The results of the first experiment support that

pictures can prime words in a LDT

.

Picture priming might be

evidence of semantic priming since there are no lexical

representations for pictures.

However, the LDT permits

strategies such as postlexical checking and expectancy

generation which may produce effects that resemble
priming effects.

Therefore, Experiment

2

'"true"

is a pronunciation

task with a short SOA in which such controlled processes are

unlikely to affect performance.

There is some experimental

evidence that pronunciation of words can be facilitated by

picture primes (Carr et al., 1982; Sperber et al., 1979).
However, methodological flaws in these studies make it

unclear that pictures can prime word targets through
semantic and nonstrategic routes.
1.

Research bv Sperber et al
Sperber et al.

(1979)

,

(1979).

visually presented the prime

until it was named by the subject.

triggered an ISI of

1

The subject's response

second followed by the target which

appeared on the subject's screen until it was named.
targets were clear or blurry stimuli that were either

related or unrelated to the prime.
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Pictures served as

The

primes and targets in the first experiment,
and words served
as primes and targets in the second
experiment.
Only the

third experiment involved word targets that
were preceded by
picture primes.
In the third experiment, both words and
pictures served
as primes,

and both types of stimuli served as targets.

Before beginning the experiment, subjects named all of
the

picture stimuli and none of the word stimuli.

This

procedure was used to ensure that subjects produced the name
of the picture that would correspond to that used for word

trials.

Assuming that words and pictures are encoded in

entirely separate representational systems, then words
should prime words but not pictures, and pictures should

prime pictures but not words.

However,

there were

significant priming effects for mixed prime-target pairs
(i.e.,

word-picture, picture-word) as well as unmixed pairs

(i.e.,

word-word, picture-picture), which supports that

pictures and words access semantic information from

a

common

semantic store.
For word targets,

the interaction of priming and prime

type was not significant.

For word targets preceded by

picture primes, the pronunciation RT was 506 ms for related
trials and 514 ms for unrelated trials.

priming effect of

8

This picture

ms and the word priming effect of 10 ms
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were small, and no test of simple
effects or MSE are
reported.
The research on picture priming by
Sperber et al.
(1979)

is problematic because subjects named
all of the

pictures and none of the words before beginning
the
experiment.

The subjects were highly practiced at naming

the pictures aloud and may have quickly subvocalized
the

correct picture name in the test session.

This difference

in treatment of the stimuli may have contributed to the

finding that picture-picture priming was greater than word-

word priming.
Another problem in the study by Sperber et al

.

(1979)

is that subjects named the prime before naming the target.

This may have caused cross-modal priming (e.g., Fischler
Goodman,

1978)

.

&

It is unclear whether effects of priming

were due to accessing the prime in the lexicon or to postlexical processes

(e.g.,

pronouncing the word)

.

accessing the sound code and
That is, articulating the prime may

affect the activation of the prime that spreads to related

meanings.

Similarly,

incorrect identification of the prime

may cause guessing processes which interferes with the
activation produced by the prime.
In addition,

Sperber et al.

(1979)

gave subjects as

much time as they needed to name the prime.

As soon as the

prime was named, it was replaced by the target.
50

As a

result,

the SOA varied for each prime.

take longer to name than words
Magee,

1980;

Irwin

&

Lupker,

(e.g.,

Because pictures
Cattell,

1983; Bajo,

1885; Smith

1988),

longer for picture primes than for word primes.

&

the SOA was

Varying the

SOA length may have affected the processing of
the targets
(e.g.,

al.,

Becker,

1980;

1986; Neely,

Favreau

&

Segalowitz,

1977; Smith et al

.

,

1983; Lorch et

1987).

For example,

a

longer SOA would enable the subject to consciously generate

possible targets so that more priming may take place for
pictures than words.
2.

.Research bv Carr et al.

Carr et al.

(1982)

(1982)

used a pronunciation task in which

subjects named word and picture targets that were preceded

by word and picture primes.

The first session was to set

thresholds for test stimuli, and priming effects were tested
the following day in the second session.

The first session

lasted on average for 75 minutes during which threshold

durations for 12 pictures and 12 words were determined.
These 24 stimuli served as primes during the second test
The ISI was either 90 ms or 490 ms, which resulted

session.

in a SOA that was long enough to permit the use of

strategies.

When target words were preceded by pictures

with a short ISI, the range of exposure duration was 27-74
ms for the zero threshold (at which no primes could be
reported)

,

40-86 ms for the full threshold (at which all
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primes could be reported)

,

and 479-521 ms for the supra-

threshold (which was long enough to
permit strategies).
Of relevance to the present study,

is the full

threshold condition in which pictures were
presented at a
duration long enough to permit identification
followed by

a

target word and at a SOA that was short
(approximately 158
ms)

to minimize the effect of strategy.

In the full

threshold condition, the pronunciation RT was 595 ms for
related words, 607 ms for unrelated words, and 576 ms for
neutral trials.

It is uncertain whether this 12 ms priming

effect is significant because as in Sperber et al.
no tests of simple effects and no MSE are reported.

(1979),
It is

puzzling that for neutral trials, the RT is smaller than
that for both related and unrelated conditions.

Facilitation from a prime should decrease the response time
to process a related target so that the RT is faster than

that for neutral trials.
The experiments by Carr et al.

(1982)

are problematic

in that the stimuli were presented numerous times in the

first session, and there were multiple presentations of

primes and targets on related and unrelated trials in the

second session.

Also,

the subject's task was to name the

second picture as quickly as possible and then, if possible,
name the first picture that was presented.
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This process of

keeping the prime in memory so that
it later can be reported
decreases accuracy and speed in responding
to the target.

In studying semantic priming

(as

contrasted with

associative priming), picture priming is
important in that
it eliminates the lexical associations
of word priming.

However, there have been only a few studies of
picture

priming, and these experiments had numerous problems.

In

the present, more accurate investigation of picture
priming,

each stimulus was presented once, the primes were not named,
the SOA was constant within the experimental session, and

the choice procedure was implemented to ensure that subjects

were actually processing the prime.
In Experiment

1,

there were word and picture priming

effects, which suggests that either a word or a picture may

facilitate the processes of accessing the word in the

lexicon and/or retrieving its meaning and/or making the
lexical decision response.

It is possible that priming may

affect only the latter decision stage with little or no
effect on lexical access.

For example,

it has been argued

that some portion of word priming in LDT is due to

postlexical access checking (e.g., Balota
Becker,

1980; Colombo

1983; Neely,
1984b)

.

&

Williams,

1991; Neely et al.,

&

Lorch,

1986;

1990; den Heyer et al.,
1989;

Seidenberg et al.,

Postlexical checking also may influence the size of

the priming effect when a picture prime is used.
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In using postlexical checking,

one compares the meaning

of the target against that of the
prime to determine if the
two items are related.
Finding a relationship between the

prime and target would indicate that the target
must be a
word because nonwords have no meaning and cannot
be related
to primes.

Detecting a relationship would facilitate the RT

so that it is quicker than that with unrelated
target words.

Because of this postlexical checking,

a

prime may facilitate

the decision process in the LDT, but it may have no affect

on the stage of lexical access.

That is, if the priming

effect is solely due to postlexical checking, then no

priming effect would be expected in

a

pronunciation task in

which such a strategy would not be helpful for making

a

response

Research on backward priming supports that postlexical

processing is used in

a LDT

but not a pronunciation task.

A

prime and target are related by backward association if the
target activates the prime response, but the prime does not
For example,

activate the target response.

the prime pan

and target bed are related through a backward association;
the target bed is associated with the prime pan in the

backward direction, whereas the prime pan is not associated
with bed in the forward direction.

Koriat (1981) found

backward-associative priming in the LDT and attributed it to
automatic spreading activation.
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Koriat claimed that reading

the target reactivates the prime which
then facilitates the

processing of the target.

Neely (1991) argued that if

backward priming is automatic, then it should
also be found
in 'the naming task.

However, using the same prime-target

pairs in pronunciation and LDT, Seidenberg et al.

(1984b)

found backward-associative priming in the LDT but
not in the

pronunciation task.

Therefore, Experiment

2

used a

pronunciation task in which postlexical checking should have
little effect on performance.

B.

Experiment

2

Method

was similar to Experiment 1A in that

picture primes were presented for 200 ms and immediately
followed by related targets, unrelated targets, or nonwords.
However, in Experiment

2,

instead of making lexical

decisions about the targets, subjects pronounced the words
and nonwords
1

.

.Subjects,

Forty-eight students at the University of Massachusetts
at Amherst participated in the experiment.

extra credit in their courses.

native speakers of English.

They were given

All of the subjects were

Data from one subject were

dropped because of problems with activating the voicekey.
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^

•

Mater

,

—Apparatus,

a nd

Procedlirp

The stimuli, apparatus, and procedure
were those used
in Experiment 1A with the following
exception: rather than

make

a

lexical decision, subjects pronounced targets
(words

and nonwords)

.

A voicekey connected to the computer

detected the onset of the subject's pronunciation, and
the
latency was recorded in milliseconds (ms).

The experimenter

listened to the responses over the intercom and entered

a

"0" into the computer if the response
was correct and a "1"

if the word was mispronounced.

The procedure for choice

trials was the same as in Experiment

C.

1.

Results

Five results will be discussed:

1)

the size of the

picture priming effect in the pronunciation task;

2)

response time and accuracy of the choice task;

the

response time and accuracy of nonword trials;

3)
4)

the

comparison

of average RT between the pronunciation task and the LDT;

and

5)

the comparison of picture priming effect between the

pronunciation and the LDT.

Table

7

displays the overall RT,

the RT for related and for unrelated targets, the priming

effect, and the proportion of correct responses for

Experiment

2

and Experiment 1A.
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a bl e 7.

Experiment

2

and Experiment

1A
ollowmg Related and Unrelated Pictures,

-

RT for Taraets
the Priming

Effect, and the Proportion of Correct
Responses 11
(in
parentheses)

Experiment

Relatedness

Experiment

2

Experiment 1A

(Pronunciation)

(LDT with short SOA)

Related

576.248

(.94)

580.271

(.99)

Unrelated

590.802

(.93)

616.316

(.96)

Mean RT

583.525

598.294

14.56

36.05

Priming Effect

1.

Priming Effect
The average RT (576.248 ms)

for naming words that were

preceded by related pictures was smaller than that (590.802
ms)

for naming words preceded by unrelated pictures.

This

priming effect of 14.56 ms was significant, £(1,46) = 9.712,
MSE = 512.543, p = .003.

This finding is important because

it confirms the results in Experiment

primed by pictures.

1

that words can be

While the priming effect in the LDT may

be attributed to postlexical checking, a priming effect was

found in pronunciation which putatively does not involve
such a strategy.
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2

-

Choice Task

There were 21 choice trials during
the test blocks to
encourage subjects to pay attention to
the prime. Averaged
across subjects, the mean number of correct
trials was
19.708, and the mean RT was 664.380 ms.
3.

Nonwords
There were 21 nonword trials.

Averaged across

subjects, the mean number of correct response was
19.208,

and the mean RT was 683.964 ms.
4

•

Pronunc iation RT is Similar to LPT RT
As in the LDT, the difficulty of lexical processing in

pronunciation was measured by the speed and accuracy of
responses.

Averaged across subjects, the RT for

pronunciation was 583.525 ms.

There was no significant

difference between this RT and the mean RT (598.294 ms) for
targets following picture primes at a short SOA in LDT.

In

contrast, researchers have found that response times are

greater in LDT than in the pronunciation task (e.g.,

Schilling et al., in press).

However, the use of nonwords

in the pronunciation task may have slowed down overall

response times so that they resemble response times in the
LDT.
5.

Priming Effect is Smaller for Pronunciation than for LDT
The size of the picture priming effect for the

pronunciation task (14.56 ms) was significantly smaller than
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that for the LDT with the same SOA
(36.05 ms), £(1,93) =
5.246, USE = 97228.499,
E = .024. The major difference in

performance between the tasks is RT for the
unrelated
targets; the RT for related targets are
similar.

Specifically, the unrelated RT was 25.514 ms
greater for the
LDT than the pronunciation task, whereas the
related RT was

only 4.02 ms greater for the LDT than the pronunciation
task.

Without a neutral control, one can only guess that

the source of priming in the LDT was back checking leading
to inhibition on trials with unrelated targets.

This

postlexical checking would account for priming that was
greater for the LDT than the pronunciation task.

D.

Results of Experiment

Discussion
2

indicated that words are faster

to name when they are preceded by related pictures than

unrelated pictures.

This priming effect of pronunciation

occurred in the absence of postlexical checking that may
have been responsible for the picture priming effect in

Experiment
features,

1

.

Because a picture does not have orthographic

it cannot be associatively related within the

lexicon to words.

Therefore,

it is likely that a picture

prime produces facilitation in pronouncing the target

because of semantic rather than associative priming.
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The spreading activation model could
account for

picture priming.

That is, in processing a picture, meaning

is derived from the stimulus and this meaning
spreads in

activation to similar meanings which point to other
words.
As a result, the target word is already activated and when

encountered is more quickly named.
Unlike in prior research (e.g., Schilling et al., in
press)

,

the response times for the pronunciation task were

similar to that for the LDT.

The nonwords in the

pronunciation task may have increased the RT so that it
resembled LDT RT.
The picture priming effect was smaller for the

pronunciation task than the LDT with the same SOA.

While

the RT for related targets was similar for both tasks, the
RT for unrelated targets was much greater for the LDT than
for the pronunciation task.

The source of priming in the

LDT may have been postlexical checking that resulted in

inhibition on trials with unrelated targets.
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CHAPTER

IV

GENERAL DISCUSSION

A,

.

Introduction

There were significant priming effects in
the lexical

decision and the pronunciation tasks; the subjects
were
clicker to identify words that were preceded by

semantically-related stimuli than by unrelated stimuli.

The

word and picture priming effects were observed in the LDT
at
short and long SOAs with skilled and less-skilled groups.

Finding priming by word primes is not surprising; it has

been found in prior LDT studies (e.g., Fischler, 1977; Meyer
&

Schvaneveldt/

1971; Neely,

1976).

However, there is

little evidence that a picture can serve as
LDT.

a

prime in the

Some researchers have used picture primes with

a

pronunciation task and have found small priming effects
(e.g.,

Carr et al.,

studies,

1982;

&

Sperber et al., 1979).

In these

few pictures were used numerous times, the SOA

varied from trial to trial, and the prime was named before
or after the target was named.

The LDT and the

pronunciation experiments in the present study used

a

more

refined method in which the SOA was constant, and each
stimulus was presented only one time.

A priming effect suggests that the prime raises the
activation level of the related target (and other related
61

words)

from the resting level to some
higher level that is
less than full-activation.
The effect is compatible with
the logogen model in which units that
are connected to words
are activated along with nearby logogens
that
are

associatively or semantically related, and then
the
activation for each logogen decays back to

a

resting level.

Theorists have debated whether heightened activation
reflects only spreading activation over intralexical

associations or whether it can result from spreading

activation to semantic memory and then to entries in the
lexicon.

If this priming through semantic memory is

permitted, then pictures should be able to prime words.

Studying priming effects is important for understanding

how the information is organized in and retrieved from the

mental lexicon.

In the discussion of priming effects,

issues will be addressed:

1)

five

Priming may be due to lexical

or semantic relations among the entries in the lexicon;

2)

Models of word recognition can account for priming by
semantic and associative relations;

3)

It is difficult to

distinguish between associative and semantic priming;

4)

Strategies such as postlexical checking and expectancy

generation may produce effects resembling true priming
effects; and

5)

There are methodological procedures that can

be used to reduce strategies in experimental tasks.
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IL-.

Associative Versus sem a ntic Primi na

There is some debate as to whether the
facilitation in
priming tasks is due to associative priming,
semantic
priming, or both types of priming.

If a prime and target

are associatively related, then the target is
often given in

response to the prime as determined by free
associative
norms

(e.g.,

Postman

Keppel,

&

1970)

.

Associative words

frequently occur together so that there are strong
connections among them in the mental lexicon.

For example,

if rake and leaf are frequently processed together,

pathway between them is established.

then a

This connection

between rake and leaf indicates that there is

a

high

probability that the form leaf occurs after the form rake

.

The link is not based on a semantic relation between rake

and leaf (e.g., Chiarello et al., 1990; Lupker, 1984; Moss

Marslen-Wilson, 1993; Plaut, 1995; Shelton

Tanenhaus

&

Lukas,

&

Martin,

a

Other researchers claim that spreading

activation also occurs at
Loftus,

1992;

That is, activation spreads among

1987)

these associative nodes at a lexical level (not at

semantic level)

&

1975; de Groot

&

a

semantic level (e.g., Collins

Nas,

1991)

.

&

If activation spreads

by way of related meanings, then a target word (e.g., boy)
should be primed by a preceding word that is related in

meaning (e.g., prince

)

even though the target word would not

be produced as an associate of the prime.
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Finding a priming effect suggests that
the presentation
or a prime affects the processes leading
up to the access of

the target word'

s

entry in the lexicon and/or the processes

that occur after lexical access is complete.

According to

the modular view of word recognition, the lexical
entry can

be reached only by phonological and orthographic
routes, and
the entry cannot be reached by meaning.

activation takes place intralexically

.

That is, spreading
In contrast,

the

interactive view supports that meaning can influence

processes preceding the recognition of a word.

.Models of Word Recognition

Experiments

1

and

2

demonstrated that pictures are

effective semantic primes for target words in both lexical

decision and pronunciation tasks.

Semantic priming,

especially by pictures, may be explained by six current
models of word recognition: the spreading activation model,
the two-process model, the compound cue model, the

verification model, the bin model, and the connectionist
model
1.

The Spreading Activation Modsl

Word and picture priming in the pronunciation and the
lexical decision tasks can be accounted for by the spreading

activation model.

According to this model, the nodes in

memory are organized so that concepts that are related are
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linked together in the network.
its node is activated,

When a prime is presented,

and then activation spreads to the

nodes for related targets which then require
less time than
unrelated targets to reach a threshold for
recognition
(Anderson,

1976;

1983; Fischler

&

Goodman,

1978)

.

For

example, when a picture of a heart is encountered,
the node

representing the concept of heart is activated along with

nearby nodes with related concepts.

Thus,

it takes less

time to reach a threshold for recognition for the related

target word

l_Qve

than an unrelated word.

The facilitation

is due to semantic priming if the nodes are organized by

meaning, and it is due to associative priming if the nodes
are organized by lexical pairing.

The logogen model

explains how spreading activation takes place in word
recognition.

The iconogen model explains how spreading

activation takes place in picture recognition.

Both

spreading activation models can account for semantic priming
that occurs automatically without the use of strategies,
a.

The Logogen Model

According to Morton’s (1969) model, the word
recognition system has thousands of logogens.
a

basic unit that represents a morpheme.

A logogen

is

Each logogen is

directly connected to an output logogen used for pronouncing
the word and is also indirectly connected to semantic and

other word information.

When a string of letters is
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encountered, the logogen units are
activated,

when

a

logogen reaches a critical threshold,
it "fires" and the
word is recognized. Then, the activation
in the logogen
decays back to a resting level.
The speed of lexical access
is determined by the time it takes for
a logogen to "fire."

When the logogen units are activated, nearby
logogens that
are associatively or semantically related are
also activated

by spreading activation.

That is, the related words require

less activation to reach a threshold for recognition than

unrelated words which have not been affected by spreading
activation.

As a result, there is facilitation in

identifying targets that are related to the primes.
Therefore, the logogen model accounts for how words can

cause priming in pronunciation and lexical decision tasks,
b.

The Iconogen Model
The iconogen model for picture processing (Seymour,

1973;

1976)

is analogous to Morton's

for word processing.

(1969)

logogen model

Iconogens are pattern recognizers

which increase in activation when their defining features
are present in pictorial codes for incoming picture stimuli.

According to the iconogen model, the iconogen and logogen
systems are connected in a feedback loop into

semantic system.

a

single

When a picture prime is processed, the

iconogen thresholds for associatively-related or

semantically-related pictures and words are lowered so that
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related target picture or word is
processed more quickly
than an unrelated target.
Therefore, activation can spread

a

from pictures to words, resulting in
semantic and

associative priming.
2

*

The Two-Process MoHpI

According to the two-process model (Neely, 1976;
Posner
&

Snyder,

1975)

,

after the word or picture prime is

presented, subjects use both spreading activation and

conscious attentional strategies to recognize target words.

With automatic priming, information is made available as

a

result of lexical access whenever a form of the word is
encountered.

The activation of the prime automatically

spreads to the representation of the target so that less

activation is needed from the target input to bring it to
response threshold (Collins

&

Loftus,

1975)

a

Using the LDT,

Neely found that at a short SOA, spreading activation causes
facilitation and no inhibition of semantically-related over
neutral targets.

There could be spreading activation from

semantic memory and/or working memory to lexical entries,

which results in more rapid activation of the correct entry.
For example,

in processing the target word math

,

be activation in representations of moth or mate

there may
-

words

that are visually similar, resulting in activation of the

meanings of moth and mate

.

If one meaning seems familiar

because of the prime, then this familiarity may confirm the
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correct spelling so that the prime's
meaning facilitates
lexical access.
At a long SOA (over 500 ms), Neely (1976)

found

facilitation for related and inhibition for
unrelated
targets over neutral targets.

Neely attributed this priming

to expectancies, which are generated before lexical
access
to the target word is complete.

Therefore, the two-process

model would explain that pictures and words can cause

priming by spreading activation and strategic processes.
3.

The Compound Cue Model

According to the compound cue model (Ratcliff
1988)

,

&

McKoon,

information about both the prime and the target are

used for accessing the target in the lexicon.

The prime and

target are integrated during encoding, and the familiarity
of this combined cue is determined by the strengths of

connections between the cue and items in long-term memory.
To determine the cue's familiarity,

either direct access or

parallel comparisons to all items in memory occurs.

The

degree of familiarity is used for making lexical decisions
(e.g.,

Dosher

&

Rosedale,

1989; Whittlesea

&

Jacoby,

1990).

That is, responses are quicker to prime-target pairs that
are semantically related (i.e.,
cue)

form a familiar compound

than those that are unrelated (i.e., form an unfamiliar

compound cue)
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It is unclear how a compound
cue is formed by a target

word and its prime that is

a

picture.

An extra process is

needed which involves assembling a verbal
label to the
picture and using this label in the compound
cue.

This

naming of the picture is unnecessary for the
subject's task
of making a lexical decision; a subject can
exhibit priming

without assigning a verbal label to the prime.

Furthermore,

the model does not account for word and picture
priming

effects in the pronunciation task; it is not clear how

related prime could facilitate the pronunciation of

a

a

related target word.
4.

The Verification Model

According to the verification model, when
word is encountered,

a

a target

"sensory set" is constructed based

upon visual characteristics of the stimulus word (Becker,
1980)

Each of the lexical interpretations in the set are

compared to a visual representation of the target.

The

self-terminating search through the set is conducted in
order of highest to lowest frequency of words.
is found,

When a match

the target is determined to be a word, and when no

match is found, then the target must be

a

nonword.

When a word or picture prime is presented prior to the
target for lexical decision, a "semantic set" is constructed
that consists of associates of the prime.

When the target

word is encountered and its sensory set is being created,
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the target is simultaneously compared to
items in the

sensory set.
set,

If the target matches an item in the
semantic

then the target is decided to be

no match,

a word.

If there is

then the next stage occurs of comparing each

in the sensory set with the visual representation of

the target.

When the size of the semantic set generated by the

prime is small, then each set member can be compared with

a

subsequent target before the target's sensory set is
created.

As a result, there is facilitation during

processing of related targets, and there is little
inhibition during processing of unrelated targets.

When the

semantic set is large, the comparison of each member of the
set to the target takes relatively longer,

and finding a

match delays the stage of comparing the sensory set with the
visual representation of the target.

As a result,

for large

semantic sets, there is little facilitation for related
targets, and there is great inhibition for unrelated

targets
The size of the semantic set depends on the strength of
the associations between primes and targets within an

experiment.

When all of the primes are strongly associated

with their targets, the semantic set is small.

When the

strengths of associations between the primes and targets are
varied, then the semantic set is large.
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Becker (1980)

found

that a set of prime-target pairs
that are consistently
strongly associated result in facilitation
of related

targets and little inhibition of unrelated
items.

With

varied associative-strengths, there is little
facilitation
and greater inhibition for unrelated targets.
Thus,

the

verification model accounts for associative or
semantic

priming effects that are determined by the size of
the
semantic set that is created before the target is
presented.
These effects occur before lexical access of the target word
takes place.

Because the semantic set is the result of

expectancy and takes time to be generated, the model does
not permit semantic priming that is free of strategies.
5

.

The Bin Model

According to Forster's original model (1976), words are
stored in the internal lexicon in bins.

Each bin is ordered

by frequency such that high-frequency words are searched

before low-frequency words.

The frequency of a word

determines the rank order of the word within its bin.
a

When

printed word is encountered, its entry in the bin is

accessed, removed, and then placed at the top of the bin.
Thus, words that are often encountered tend to stay at the

top of the bin, while less frequently encountered items

remain at the bottom of the bin.

The ordering at any time

is in terms of recency rather than frequency.
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There are three different access
files to the bins:
orthographic, phonological, and semantic
access files. Each
file has a set of pointers to the lexical
entries and also
an access code; the orthographic access
file has an access

code that utilizes the spelling of the word
such as the
first three letters of the word; the phonological
access
file has information about the sound of the word;
and the

semantic access file has a code with semantic information
such as to which category the items belong.

Consider the

case in which a printed word is encountered and the

orthography is extracted.

The access code matches the first

three letters of the word and then the pointer locates the

entry in the access file.

The orthography of the accessed

entry is compared to the original letter input.

If this

postlexical access check indicates that there is

a match,

then the correct entry has been located.

Otherwise, the

process of searching through the access file is continued.
One problem with this original bin theory is that it

predicts that there should be no frequency effect for words
that are recently presented.
(1977)

However,

Scarborough et al.

found frequency effects for recently presented words.

Consequently, Forster (1979) modified the bin model so that
an accessed word is moved not to the top but rather to a

position half-way between its original position and the top
of the bin.

With this modified version, both high- and
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low-frequency words benefit from recent
presentations.

The

speed of lexical access is determined by
the number of
entries searched before accessing the correct
entry in the
bin;

According to Forster, when

a

word prime is encountered,

its entry is searched in the master file, and
activation

spreads to related words which form a semantic set.
the target word is encountered,

When

there is a search for its

entry in the master file and a simultaneous search through
the semantic set.

If the target word is found in the

semantic set before it is found in the access file, then the
lexical decision is quickly made, and the RT to the target
has been facilitated by the prime.

If the target word is

not found in the semantic set, then there is no facilitation

by the prime.

Facilitation for related primes and no

facilitation for unrelated primes results in a semantic

priming effect.

The search with this model is similar to

that with the verification model, except that for the bin
model,

the main file and semantic set are searched in

parallel and in the verification model, the sensory set is
searched before the main file.
Because the main file can be accessed by semantic
information, the bin model can account for picture priming
in the LDT

.

In addition,

the model could account for

semantic priming by words and pictures in the pronunciation
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task, but only when strategies
such as generating a semantic
set are used.
6

-

Xb e Connect ionist ModPl

According to connectionist models (Seidenberg
McClelland, 1989), the lexicon is organized
into

&

a set of

inter-connected units in which the connections have
weights
on them.

There are orthographic units, phonological units,

and hidden units which mediate between the orthographic
and

phonological units.
experience.

The size of each weight is set by

The model "learns" to associate each input

(orthographic) pattern with a particular output
(phonological) pattern.

With repeated exposures to an

orthographic-phonological pairing,

a

pattern of activation

within the hidden units is developed by way of
learning algorithm.

a specific

Subsequently, when a letter string is

presented, the pronunciation that is generated is based on
the highest output score from the activation pattern in the

phonological units as determined by the pattern of
activation in the hidden units.

For a lexical decision,

the

pattern of activation in the orthographic units that is

mediated by the hidden units is compared to the pattern of
activation in the orthographic units that is generated by
the presented letter string.

The greater the similarity,

the greater the probability that the letter string is a
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word.

The more frequently the input pattern is produced,

the more easily and quickly the output is produced.

Plaut's connectionist model

(1995)

can distinguish

between associative effects that occur at

a

lexical level

and semantic effects that occur at the semantic level.

The

model predicts greater effects for associative priming than

semantic priming in both lexical decision and pronunciation.
Also,

the stronger the similarity between the prime and

target,

the greater the semantic priming.

In addition to

word priming, the model can explain picture priming in
pronunciation; pictures activate semantic units which then
interact with the activation from orthographic to the

phonological units.

Therefore, the connectionist model

accounts for semantic priming that does not involve the use
of strategies.

D

.

Distinguishing Between Associative and
Semantic Priming

It has been difficult to design experiments that can

determine whether there is semantic priming (nonlexical
priming) without strategies.

First of all, words that are

semantically related also tend to be associatively related.
In addition,

some tasks permit the use of controlled

true
processes that can produce effects that resemble

priming effects.

These strategies include: postlexical
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checking, generating an expectancy
set, and integrating the
target word with the preceding context.
Because this

integration problem is considered only in
on-line reading
tasks in which fixation duration is measured,

it will not be

discussed in the present study.
1

*

£orrelfrtibn pf Asso ciati ve and Semantic Relations

A problem in testing semantic priming

is that words

are semantically related also tend to be associatively

related.

For example, gat and dog are words that are both

semantically related and associatively related.

By

definition, associatively-related words frequently occur

together so that there are strong connections among them in
the lexicon.

Words related in meaning also occur together

so that they are associatively-related.

To separate the

effects of semantic and associative priming, the stimulus
set may be constructed so that the prime-target pairs are

only semantically related or only associatively related.

To

examine associative priming, one could use backward
associates.

To test semantic priming, one could use picture

primes, which cannot be associatively related to the target

words
a.

Item Selection
To distinguish between semantic and associative

priming, the stimuli need to be carefully selected so that
the prime and target are either associatively related or
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semantically related.

Stimuli that are associatively

related should represent objects in
different conceptual
categories.
Stimuli that are semantically related
belong to
the same conceptual category but are not
associated.

Fischler (1977) used word pairs that were
semantically-

related but not associatively-related in a LDT.

There was

no difference between the size of the priming effects
for

these pairs and pairs that were semantically- and

associatively-related.

Thus,

Fischler concluded that

semantic priming is a result of both the word associations
and the relatedness of meanings;

a

semantic relationship

underlies the effect on both types of word pairs.

This

semantic priming without association has been replicated in
studies using auditory presentation of stimuli (e.g., Ostrin
&

Tyler,

1993)

In contrast,

Lupker (1984)

found

a

priming effect that

was significantly larger to semantically- and associatively-

related word pairs than for purely semantically-related word
pairs in the LDT.

The size of the priming effect for

semantically- and associatively-related word pairs was much
smaller in the pronunciation task than in the LDT.

Also,

the pronunciation task, there was no priming effect for

purely semantically-related word pairs.

Therefore, Lupker

attributed the priming effect for semantically- and

associatively-related word pairs in the pronunciation task
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in

to associative links between primes
and targets.

Also,

Lupker concluded that the larger priming
effects in the LDT
are due to postlexical processing.
b.

Backward Associates

A prime and target are related by backward
association
if the target activates the prime response,
but the prime

does not activate the target response.

For example,

prime d£g and target £Iea are related through

a

the

backward

association; the target flea activates a response to the

prime

in the backward direction, whereas the prime do

does not activate the response flea in the forward

direction.

Backward priming is useful because the strength

of the association can be manipulated within each prime-

target pair, without affecting the semantic relationship.
c.

Picture Primes
To test semantic priming,

primes.

one could use pictures for

Because a picture does not have orthographic

features,

it cannot be associatively related within the

lexicon to words.

Thus,

it is likely that a picture prime

produces facilitation in pronouncing the target because of
semantic rather than associative priming.

In a

pronunciation task, a priming effect has been found with
picture primes and was attributed to semantic priming (Carr
et al.,

1982; Sperber et al.,

1979).
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2

*

£-ty.ateqic Cont aminants

In addition to the overlap between
associative and

semantic priming, the use of strategies make
it difficult to
test only semantic priming.
These processes for which

information is under voluntary control affect the
size of
the priming effects.

The controlled processes include

postlexical checking and generating expectancies,
a.

Postlexical Checking
Postlexical checking, a process that occurs after

lexical access, may be helpful for making lexical decisions
(de Groot,

1983; de Groot,

Thomassen,

&

Hudson,

1986)

For

.

example, during a trial in which the prime and target are
related, after accessing the lexical entry for the target

one might "check" the prime, a picture of a cat.

Since

dog is related to the prime, then it is quickly identified
as a word, because a nonword cannot be related to the prime.

For example of an unrelated trial, after accessing the

lexical entry for the target word butter
the prime,

the picture of a giraffe.

,

one might "check"

Since no relationship

is found between the prime and the target,

then the target

word would be either a nonword or an unrelated target.

In

unrelated trials in which subjects have to discriminate
between words and nonwords, the postlexical checking causes
inhibition and increases the size of the priming effect.
Therefore, the priming effect in lexical decision may be
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larger than that found in other
tasks because of this
inhibition that results from postlexical
checking, a process
that occurs after lexical access
is complete.

Inhibition due to postlexical checking
may also be

present in a LDT in which
for word recognition.

a

sentence provides the context

For example,

subjects make a lexical decision to

Swinney (1979) had
a

printed word while an

ambiguous word in a sentence is heard over headphones.
instance,

in the sentence,

For

The ma n was not surprised when hp

£ound several spiders, roaches

a nd

other Runs

,

bugs is the

ambiguous word that could activate the words related to an
insect

(e.g.,

aat)

a short delay,

or to a recording device

(e.g.,

spy

)

.

At

there was no difference in LDT RT to the

words &nt and

s py

.

However, when Swinney (1979) used a

delayed LDT in which four spoken syllables elapsed between
the spoken ambiguous word and the printed lexical decision
word, only the word

(

ant

)

appropriate meaning

(

bug

)

control word

(

sew

)

Thus,

that was related to the

was processed more quickly than a
the sentence context influenced

which meaning of the ambiguous word would be selected and
then activate related concepts.
However, there is another explanation for Swinney'

results.

Assuming that it takes some time for context to

become available for postlexical checking, then context is
not available at the short delay, therefore both targets are
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consistent with an acceptable meaning of bug whereas
the
control word,

uuv*,

is not.

After

a delay,

however, bug has

been disambiguated by context, therefore only the contextappropriate meaning is consistent.

That is, the context-

inappropriate meaning is unrelated like sew is unrelated.
It seems that instead of semantic facilitation,

Swinney may

may have demonstrated inhibition due to postlexical
checking.
Tanenhaus, Lieman, and Seidenberg (1979)

found that

both meanings of a word were available immediately, but then
after 200 ms, only the appropriate meaning of the word was
available.

If context heavily biases one meaning over

another, early activation becomes more selective.

At first,

lexical access activates all meanings associated with a
then after a delay, the appropriate meaning receives

word,

more activation and is selected for encoding,
b.

Expectancy
With expectancy generation in which a subject

encounters a prime and then generates

a set of

that may include the target (e.g., Becker,
Neely,

1991; Neely et al.,

1989).

related words

1979;

1980;

When the target is

presented, the expectancy set is searched so that the target
is quickly recognized if it is in the set.

If the target is

not found in the set, then the lexicon is searched.
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3

-

Minimizing the

II.sp

of strai-Pny

It is difficult to test semantic
priming that occurs

without postlexical checking or expectancy
strategies.

The

following procedures would minimize the use of
controlled
processes:

a short

SOA (Neely, 1977); a pronunciation task

instead of the LDT (West

&

Stanovich,

1982); subliminal

presentation; and a low proportion of related primes (Tweedy
et al.,
a.

1977)

Short SOA Eliminates Expectancy

Neely (1977) found inhibition to unrelated targets and
facilitation to related targets following primes in

a LDT.

Automatic spreading activation among items in the lexicon
could account for the facilitation but not the inhibition.
Thus, Neely claimed that subjects use a conscious

attentional strategy to direct their attention to the area
of lexical memory which relates to the meaning of the

previously accessed word.
in that area,

When the target word is located

the lexical decision response is facilitated,

whereas when the target word is not found in that area,
there is a bias to classify it as a nonword and the lexical

decision time is increased.

Neely suggested that this

attentional strategy takes time and is apparent only when
the SOA is relatively long so that an expectancy can

develop.

With a short SOA, the facilitation is due to

automatic processes that produce facilitation with
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a

related

prime but little or no inhibition with
an unrelated prime.
Therefore, to minimize the use of attentional

strategies, an

experimenter should use
'

short SOA.

a

Ex P e ctancy generation can affect performance
in both

the pronunciation task and the LDT

.

For example, consider

an experiment in which there are many ’'clang"
associates,
two words that form a compound word.

presentation of the word be 1 1
.

,

Following the

the subject might be ready to

say "hop" or pull the "yes" lever for the word hop
case,

a short

in this

.

SOA would prevent the subject from generating

the expectancy set in time to facilitate the pronunciation
or lexical decision.
b.

Low Proportion of Related Items Reduces Strategies
The proportion of related primes affects the use of

controlled processes (Seidenberg et al., 1984b; Tweedy et
al.,

1977).

Using the LDT, Seidenberg et al.

(1984b)

found

that with an increase in the proportion of primes that are

related to targets, it is more likely that subjects will
test for a relationship between the prime and related target
stimuli.

That is, a high proportion of related primes

encourages subjects to use postlexical checking in making
decisions about words.

Seidenberg et al

.

(1984b)

found

little effect of proportion in the pronunciation task in

which postlexical checking is not used.
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Hodgson (1991) argued that priming in
the LDT could be
due to automatic processes such as
spreading activation
because priming occurred when the SOA was short.

However,

Shelton and Martin (1992) pointed out that
before beginning
the experiment,

the subjects in Hodgson's study were

informed that some word pairs would be related, and
the
subjects used these relations to make lexical decisions.
The priming in this task was susceptible to postlexical

effects because of the explicit pairing of primes and
targets.

Therefore, the priming may have been a result of

subjects' strategies instead of automatic processing.
to minimize the use of controlled processes,

Thus,

experimenters

should use a low proportion of related stimuli,
c.

Subliminal Priming Eliminates Strategies
In subliminal priming studies,

a

prime is presented for

10-15 ms, a level at which a subject cannot do better than

chance at deciding if there is a stimulus on
Next,

a

blank field.

the subject performs a pronunciation task or LDT with

related and unrelated targets.

A priming effect has been

found in the naming task (e.g., Carr et al., 1982; Hines et
al.,

1986)

Goodman,

Marcel,

and in the LDT (e.g., Balota,

1978;
1983)

.

Fowler, Wolford,

Slade,

&

1983;

Fischler

Tassinary,

&

1981;

In these studies, meaning has been accessed

even though identification is not sufficient to enable one
to pronounce the prime or to use a postlexical checking
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strategy to make a lexical decision about the
target.

This

priming effect supports the interactive view
that meaning is
accessed and influences processes preceding the recognition
of a word.

Thus,

subliminal presentation of the prime makes

it impossible for subjects to use controlled processes,

Pronunciation May Eliminate Postlexical Checking

d.

In the LDT , postlexical checking is helpful for making

decisions.

Responses to unrelated targets are slowed down

because they are difficult to discriminate from nonwords.
As a result, the priming effect is increased, relative to
that in pronunciation in which subjects do not make lexical

decisions about letter strings (e.g., Keefe

Neely,

&

Lorch et al., 1986; Lupker, 1984; Neely et al

.

,

1990;

1989).

Therefore, to minimize the effect of postlexical checking,
one should use the pronunciation task instead of the LDT.
4

.

Testing Semantic Priming
It is challenging to test semantic priming apart from

effects of associative priming and strategies.

There are

several methodological techniques such as using

a short SOA,

a low

proportion of related items, and

a

pronunciation task

to reduce the effects of expectancy and postlexical

checking.

If the LDT is used,

subliminal presentation can

eliminate the effects of controlled processes.

Also,

the

use of picture primes or a stimulus set of semantically-

related prime-target pairs could avoid the problem that most
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items that are semantically related
are also semantically
related.
a short

Therefore,

in the present investigation,
by using

SOA (to reduce expectancy), picture
primes (that

have no mtralexical associations), and
(to

eliminate postlexical checking)

,

a

pronunciation task

the results are

assuredly due to semantic priming.
Several researchers have claimed that associative

priming may be automatic whereas semantic priming is based
solely on strategic processes (Lupker, 1984; Shelton
Martin,

1992)

.

&

Lupker (1984) drew this conclusion from

finding priming for semantically-related but not

associat ively— related pairs in a LDT, but no such priming in
a

pronunciation task.

To argue that the results in the

pronunciation task in the current study are not due to
semantic priming, one must identify a strategy to account
for the picture priming effect.
It is unlikely but possible that postlexical checking

may have affected response time in the pronunciation task.
For example, upon encountering the word pint

.

one may be

uncertain whether the "int" ending could be sounded out
in mint and lint

)

.

In this case,

(as

it may be helpful to

recall the prime that is a picture of a milk bottle, and
this check may facilitate retrieving the pronunciation of
the exception form pint

(instead of the regular form)

.

postlexical checking would facilitate responding to the
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This

target when it is related to the prime
but would not inhibit
response time when it is unrelated to the prime.
Thus,

postlexical checking could produce

a

priming effect by

causing inhibition in the LDT and facilitation in
the

pronunciation task.

E»

Future Studies

The present study examined effects of SOA and

individual differences on word frequency and priming by
words and pictures.

While it was disappointing not to find

anticipated effects of SOA and individual differences,
variations of the present experiments could provide
interesting results in future studies.

For example, a

neutral condition could be implemented to examine

differences in facilitation and inhibition processes.

In

addition, the prime-target associations could be altered to

better compare effectiveness of word and picture primes.
Also,

the SOA could be manipulated to determine how long it

takes for strategic processes of word recognition to occur.
Finally,

the present skill test could be replaced by the

sentence verification test which may be more appropriate for

classifying readers into skilled and less-skilled reading
groups
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1-

Heut ral Condition
The size of the picture priming effect
for the

pronunciation task was significantly smaller
than that for
the LDT with the same SOA.

The major difference in

performance between the tasks is RT for unrelated
targets;
the RT for related targets are similar.

Without a neutral

control, one can only guess that the source of priming
in
the LDT may be postlexical checking leading to inhibition
on

trials with unrelated targets.

This process of checking

would account for priming that was greater for the LDT than
the pronunciation task.

To test whether the source of

priming was due to facilitation or inhibition, the present
experiments could be replicated with a neutral condition

which could be compared to the related and unrelated
conditions.

That is,

for some trials,

instead of

picture prime, a neutral prime (e.g., XXXXXXX
presented.

Then,

)

a

word or

would be

it would be evident whether the RT for

related trials is faster than that for neutral trials, or
the RT for unrelated trials is slower than that for neutral

trials, or whether there is both facilitation for related

and inhibition for unrelated trials.
2.

Word Frequency and Regularity Effects
It would be interesting to examine how picture primes

facilitate the pronunciation of different types of words.
It takes longer to pronounce low-frequency than high88

frequency words (Schilling et al„ in
press), and it takes
longer to pronounce irregular words than
words that have
regular spelling-to-sound correspondences
(Seidenberg,
1985)

Perhaps, there would be greater facilitation
from

.

a

picture prime for low-frequency irregular words than
highfrequency regular words.
3.

Subliminal Presentation
In the present study,

a short SOA,

picture primes, and

the pronunciation task were used to virtually guarantee that
the results could be attributed to semantic priming without

the use of strategies.

To satisfy the skeptic who might

argue that postlexical checking could be used in a

pronunciation task, the experiment could be replicated with
subliminal presentation.

presented at

a

Because the primes would be

duration too brief to be consciously

identified by the subject, postlexical checking and other

controlled processes would not be permitted.

Therefore,

subliminal priming should confirm that pictures facilitate
the pronunciation of words because of automatic semantic

priming
4.

Prime-taraet Associates
In the present study,

than word priming.

the picture priming was greater

As explained earlier, the associations

may have been stronger between the picture-word pairs than
the word-word pairs.

In replicating Experiment
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1

using

associations that are comparable for word and
picture
conditions, it may be that the priming for
pictures would
not be greater than that for words.
5.

Tests of Reading Ability
In the present study,

there were no individual

ffsrences in priming in different SOA conditions as had

been expected.

The present skill test may be inadeguate for

separating skilled and less-skilled subjects into groups.
Perhaps, a lengthy LDT with 15 blocks of trials would

provide a better assessment of reading skill.

The first

five blocks could be practice blocks to acquaint subjects

with the procedure, and the last ten blocks could be used to
assess the mean RT.

To eliminate problems of fatigue,

this

skill test should be administered at a session one day or
one week prior to the test session.

Instead of a skill test of lexical decision, the

sentence verification test (SVT) could be used to

differentiate between skilled and less-skilled readers
(Rassool,

&

Royer,

1986; Royer, Hastings,

&

Hook,

1979)

typical sentence verification test (SVT) consists of

A

a

passage of text that is followed by four test sentences.
One test sentence is an original sentence that is a copy of
a text sentence.

A second type of test sentence

is a

paraphrase sentence that has the same meaning but different
words as the text sentence.

A third sentence
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is a meaning

change sentence which is similar in wording
to the original

with a few changes that make the meaning
different.
fourth test sentence is

a

The

distractor sentence that has

similar meaning to the passage but is unrelated to the

sentence that is actually presented in the passage.

The

subjects’ task is to read the text passage and then indicate

whether each of the test sentences is old (i.e., similar in

meaning to the passage) or new (i.e., different in meaning).

An advantage of using the SVT is that it ensures that
subject has read the passage and understood it.

a

Also,

it

eliminates the problem that other comprehension tests may
have that a subject may have prior knowledge of the material
that influences performance.

Furthermore, a different population of students could
be tested.

The subjects in the present experiment were

college students who are highly-skilled at reading.

One-

third of subjects screened for the experiment had mean RT
above 590 ms, one-third of subjects had mean RT between 555
and 590 ms, and one-third of subjects had mean RT below
555 ms.

Therefore, in eliminating data from one-third of

the middle-range subjects, the difference between skilled

and less-skilled groups was only 35 ms.

Instead of

expanding the middle-range to eliminate many subjects from
the study, the experiment could be conducted on a broader

population of students including relatively poor readers.
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6

*

Practical AppII rati n n ^
The finding that a picture can facilitate
the

subsequent recognition of

a

word has implications for

teaching individuals how to read.

Books and computer

programs using pictures could be designed for beginner
readers and for reading-disabled students to improve
their
reading.

For example,

a

word presented on a computer screen

could be preceded by a related picture.

If there is a

relatively long SOA between the picture and word, then the
student could use expectancy and postlexical checking to

confirm the identity of the word.

For instance, the word

Pint could be preceded by a picture of a milk bottle.

A

skilled reader should be able to pronounce the word without
having to rely on other information, but a less-skilled
reader who has difficulty with pronouncing exception words

could check the picture to facilitate a response.

The

stronger the semantic relationship between the picture and
the word,

the more facilitation caused by the picture.

F.

In the LDT,

Conclusion

it was surprising not to find effects of

individual differences and Stimulus Onset Asynchrony.
However,

it was exciting to find robust picture priming

effects with different SOAs and different skill groups.
There are few prior studies of picture priming, and those
92

experiments have methodological flaws such
as presenting
stimuli numerous times and pronouncing the
prime.
It is difficult to determine whether
priming effects

are due to associative or semantic relations
among the prime

and target; items that are semantically related tend
to be

associatively related.

Also,

subjects may use strategic

processes such as postlexical checking and expectancy to
identify words.

These controlled processes may affect the

size of the priming effect.

Therefore, the second

experiment in the present investigation used picture primes
(to test semantic priming)

expectancy)

,

,

a short

SOA (to eliminate

and a pronunciation task (to eliminate

postlexical checking)

.

As in the first experiment, there

was a robust picture priming effect which can be attributed
to automatic semantic priming.

Further research with

a

neutral prime, words that vary in frequency and regularity,
subliminal presentation, and alternative tests of reading

ability may provide more insight into how information is

accessed from the lexicon.
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APPENDIX A
PRETEST

-

PRACTICE AND SKILL TEST STIMULI

PRACTICE

SKILL TEST

earn
gruit
snack
tobby
farage
lunch
roys
coin
lask
stripes
dice
green
market
muest
rillion
patriot
field
chutting
happy
soccer
gound
blipper
robot
dasket

cravel
lacket
tower
stapler
smile
cabies
bridge
scary
neason
samps
file
barton
breat
dime
frighten
sealth
sauce

prum
quilt
seven
darty
glame
ghost
crills
bink
palace
cashew
pancer
criver
show
f lond
fasten
sorn
pretty
roast
mereal
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APPENDIX B
PRACTICE STIMULI

.

-

CHOICE AND LDT TRIALS

CHOICE

LDT

PRIME

ALTERNATIVE

PRIME

TARGET

whistle
trash can
barrel
rolling pin
baby carriage
glasses
cannon
football helmet

strawberry
box
pliers
fence
mushroom
bread
kettle
bottle

bicycle
paint brush
airplane
sandwich
cloud
doll

board
blove
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selt
pot
f adder
beetle

APPENDIX C
TEST STIMULI FOR LEXICAL DECISION TRIALS

PRIME

TARGET

ashtray
banana
barn
bed
bell
button
carrot
clown
comb
cup
dog
dress
giraffe
hammer
hanger
harp
hat
heart
knife
lamp

cigarette
monkey
cow
sleep
church
shirt
rabbit
circus
hair
tea

PRIME
leaf

moon
penguin
pumpkin
refrigerator
ring
saw
scissors
skunk
sled
sock
spider
table
thimble
train
umbrella
vase
watch
wheel

cat

woman
zoo

nail
clothes
music
head
love
butter
light

window
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TARGET
tree
night
ice

Halloween
food
finger
wood
paper
smell
snow
foot
web
chair
sew

track
rain
flowers
water
wagon
house

APPENDIX D
TEST STIMULI FOR CHOICE AND NONWORD TRIALS

PRIME

ALTERNATIVE

NONWORD

traffic light
plug
swing
ruler
broom
tennis racket
roller skate
suitcase
mountain
fork
television
baseball bat
toothbrush
arrow
kite
pocketbook

pie
sun
rake
book
sweater
nut
car
mitten
pen
bowl
flute
fan
stool
wrench
truck
eye
flag
accordion
envelope
cap
needle
orange
eagle
leg
pipe
vest
ant
ball
bus
iron
pepper
lobster
toe
owl
peach
frog
nose
apple
bee
clock
pear
fish

sie
lun
nake
sook

axe
candle
chisel
lips
pitcher
pencil
light switch
sailboat
potato
spinning wheel
star
watering can
brush
grasshopper
lettuce
pants
sun
screwdriver
nail file
lemon
boot
mouse
arm
blouse
rooster
cherry

tweater
dut
var

pitten
ren
gowl
plute
lan
etool

brench
wruck
oye
clag
eccordion
anvelope
vap
seedle
erange
tagle
neg
bipe
cest
ent
lall

mus
aron
tepper
cobster
coe
ewl
neach
crog
vose
epple
nee
plock
kear
rish
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